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ACRIM-gap and total solar irradiance revisited:1
Is there a secular trend between 1986 and 1996?2
N. A. Krivova,1 S. K. Solanki,1,2 and T. Wenzler1,3
A gap in the total solar irradiance (TSI) measurements3
between ACRIM-1 and ACRIM-2 led to the ongoing de-4
bate on the presence or not of a secular trend between the5
minima preceding cycles 22 (in 1986) and 23 (1996). It6
was recently proposed to use the SATIRE model of solar7
irradiance variations to bridge this gap. When doing this,8
it is important to use the appropriate SATIRE-based re-9
construction, which we do here, employing a reconstruction10
based on magnetograms. The accuracy of this model on11
months to years timescales is significantly higher than that12
of a model developed for long-term reconstructions used by13
the ACRIM team for such an analysis. The constructed14
‘mixed’ ACRIM — SATIRE composite shows no increase in15
the TSI from 1986 to 1996, in contrast to the ACRIM TSI16
composite.17
1. Introduction
Solar total irradiance has been measured by a number18
of space-borne instruments without interruptions since 197819
[Fro¨hlich, 2006]. However, no single instrument remained20
operational over the whole period, and a cross-calibration21
and construction of a composite of measurements by several22
radiometers is not trouble-free. A detailed description of in-23
dividual data sets, their problems and corrections is given24
by Fro¨hlich [2006], cf. Scafetta and Willson [2009]. As a25
consequence, three different composites of the total solar26
irradiance (TSI) have been constructed: PMOD [Fro¨hlich,27
2006], ACRIM [Willson and Mordvinov , 2003], and IRMB28
[Dewitte et al., 2004].29
The main disagreement concerns the TSI levels during30
the minima preceding cycles 22 (which took place in 1986)31
and 23 (in 1996) and thus the presence of a long-term trend32
during this period. The origin of the discrepancy lies in the33
fact that the launch of the ACRIM-2 experiment on UARS,34
originally planned to overlap with ACRIM-1 on SMM, had35
to be postponed. Thus for more than 2 years (July 1989 to36
October 1991; the so-called ACRIM gap) only the data from37
HF/Nimbus7 and ERBS/ERBSE are available. The ERBS38
irradiance measurements were made only approximately ev-39
ery 2 weeks. In September 1989, the HF radiometer was40
switched off for several days due to saturation of its output41
signal. When it returned to normal operating mode, it ap-42
parently showed an abrupt increase in irradiance by about43
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0.4 Wm−2 [for more details, see Lee et al., 1995; Chapman44
et al., 1996; Lockwood and Fro¨hlich, 2008]. There is also45
an indication for another either abrupt or gradual increase46
of a similar magnitude [Lee et al., 1995; Fro¨hlich, 2006].47
This change in the HF sensitivity was allowed for in the48
PMOD composite but not in the ACRIM one, which led49
to the disagreement in the long-term behaviour mentioned50
above. The ACRIM composite shows an increase in the51
TSI of 0.037% (about 0.5 Wm−2) between the minima of52
1986 and 1996 [Willson and Mordvinov , 2003], whereas the53
PMOD composite gives nearly the same TSI values (differ-54
ence less than 0.06 Wm−2 or 0.004%) for both.55
Recently, Scafetta and Willson [2009] have proposed to56
use the SATIRE model of TSI variations, in order to bridge57
the ACRIM gap and thus estimate the long term change58
independently. The SATIRE models [Solanki et al., 2005;59
Krivova and Solanki , 2008] calculate variations of solar irra-60
diance from the solar surface magnetic field evolution. Sev-61
eral versions of the model have been developed for different62
applications. Each version is optimised for a different time63
scale. For reconstructions restricted to the period after 1974,64
direct full-disc measurements of the solar photospheric mag-65
netic field, i.e. magnetograms, can be employed together66
with continuum images to identify magnetic features (i.e.67
sunspots, faculae and the network) [Krivova et al., 2003;68
Wenzler et al., 2004, 2005, 2006]. The brightnesses of the69
individual types of features are time-independent and are70
calculated from semi-empirical model atmospheres [Unruh71
et al., 1999]. Variations of TSI result from the emergence,72
evolution and decay of magnetic features, which is obtained73
from the magnetograms and continuum images. Thus vari-74
ability on all considered time scales is modelled in a self-75
consistent way, with no additional assumptions on a long-76
term trend. In the following we refer to this version of the77
model as SATIRE-S, where the S stands for ‘Satellite era’.78
This model is indeed well suited for a self-contained test of79
the irradiance trends around the ACRIM gap.80
In contrast, the model SATIRE-T (where the T stands81
for Telescope era) by Krivova et al. [2007] that has been82
employed by Scafetta and Willson [2009] is not suited for83
such an analysis. It has been developed in order to provide84
an insight into irradiance changes on decadal to centennial85
time-scales and is, by design, significantly less accurate, par-86
ticularly on time scales of months. The main challenge of87
the longer-term models is that the only direct proxy of solar88
activity going back to the Maunder minimum is the sunspot89
number. The evolution of the bright magnetic elements (fac-90
ulae, network) has to be derived somehow from the sunspot91
record. For this, Krivova et al. [2007] use the coarse phys-92
ical model developed by Solanki et al. [2000, 2002], which93
allows a reconstruction of the solar photospheric magnetic94
field from the sunspot number. Unfortunately, the evolution95
of the facular and network components cannot be recovered96
on a daily basis using such a model: only averages over97
several months can be considered. This is clear from the98
Eqs. (1–7) of that work and the corresponding values of the99
involved time scales for the decay and flux transfer in active100
and ephemeral regions (about 3 months to years). Note that101
variations of the irradiance on time scales of days to weeks is102
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still well reproduced by this model, since they are driven by103
the evolution of sunspots, which are adequately represented104
by the daily sunspot number record.105
Thus, by its very conception, the model by Krivova et al.106
[2007] employed by Scafetta and Willson [2009] is expected107
to be relatively accurate on time scales of days to the solar108
rotation and from the solar cycle to centuries, whereas its109
accuracy on time scales of several months to years is limited.110
This is exactly opposite to what Scafetta and Willson [2009]111
assumed. Here we repeat their analysis employing the more112
accurate SATIRE-S model by Wenzler et al. [2006, 2009]113
based on quasi-daily full-disc magnetograms and continuum114
images of the Sun recorded by the National Solar Observa-115
tory, Kitt Peak (NSO/KP) between 1974 and 2003. We show116
that employing a more appropriate model gives a rather dif-117
ferent result than obtained by Scafetta and Willson [2009].118
We stress that it is not the aim of this paper to produce a119
new TSI composite, but rather to show that the approach120
taken by Scafetta and Willson [2009] is completely consis-121
tent with a deeper minimum preceding cycle 23 than that122
preceding cycle 22, if an appropriate model is used.123
2. Combining ACRIM with SATIRE-S
We employ exactly the same technique as used by Scafetta124
and Willson [2009]. Thus we compare the measurements by125
the ACRIM-1 and ACRIM-2 instruments directly with the126
SATIRE-S model, in order to construct a ‘mixed’ compos-127
ite based on ACRIM data when they are available and the128
model to bridge the gap.129
ACRIM-1 and 2 data are taken from the ACRIM web130
page: http://www.acrim.com/. ACRIM-1 data are avail-131
able between February 1980 and July 1989, ACRIM-2 be-132
tween October 1991 and November 2001.133
We employ the SATIRE-S model based on NSO/KP mag-134
netograms and continuum images as described by Wenzler135
et al. [2006, 2009]. These data are available between 1974136
and 2003. There is a single free parameter in the model137
which can be adjusted to achieve best agreement with ob-138
servations. This parameter takes into account the saturation139
of brightness in regions with concentrations of magnetic ele-140
ments higher than a threshold [see Wenzler et al., 2006, for141
further details]. Note that this single parameter controls the142
magnitude of the variations on all time scales under consid-143
eration and thus cannot be changed arbitrarily, in order to144
best reproduce variations on a selected time scale. Wenzler145
et al. [2009, WSK09] ran the reconstruction with different146
values of the free parameter, in order to find the best possible147
fit to each of the three existing TSI composites: PMOD (this148
reconstruction is referred to as WSK09 PMOD), ACRIM149
Table 1. Summary of the comparison of the SATIREWSK09
ACRIM, PMOD and IRMB models with ACRIM measure-
ments. Listed are: model versions; derived shifts between
ACRIM-1 or ACRIM-2 data and the model for the analysed
periods of overlaps; difference in the 1-yr smoothed minimum
TSI at the minimum of cycle 23 compared to the minimum of
cycle 22; the relative difference in % normalised to the cycle 22
minimum.
Model shift shift Change Relat. change
ACRIM-1 ACRIM-2 23–22 23/22–1
W/m2 %
WSK09 ACRIM −0.96 1.73 −0.38 −0.028
WSK09 PMOD −1.35 1.58 −0.15 −0.011
WSK09 IRMB −0.75 1.95 −0.38 −0.028
(WSK09 ACRIM) or IRMB (WSK09 IRMB). Here we use150
these three models as they were derived in that paper, i.e.151
the free parameter is fixed to the values deduced by Wenzler152
et al. [2006] for each of the composites.153
In order to compare the model with the data and pro-154
duce an ACRIM-1 –WSK09 –ACRIM-2 ‘mixed’ composite155
as proposed by Scafetta and Willson [2009], we use 1 year156
periods of overlap between the model and ACRIM-1 (July157
1988 – July 1989) or ACRIM-2 (October 1992 – October158
1993). The periods were selected to be exactly the same159
as in the paper by Scafetta and Willson [2009], to avoid160
bias and to allow a direct comparison to their results. For161
these periods, we minimise the squared differences between162
the ACRIM measurements and the SATIRE-S results, in163
order to derive the shifts between their absolute levels. For164
WSK09 ACRIM, this comparison is shown in Fig. 1 and165
reveals a good agreement between the model and the data.166
Figure 2 shows a ‘mixed’ composite, based on ACRIM data167
prior to July 1989 and after October 1991 and on theWSK09168
ACRIM model during the ACRIM gap. The minimum pre-169
ceding cycle 23 is 0.38 Wm−2, or 0.028%, lower compared170
to the minimum preceding cycle 22 (as derived from the171
minima of the 1-yr smoothed record).172
In order to test whether this result is solid and is inde-173
pendent of the value of SATIRE’s free parameter, we have174
repeated the same procedure with the WSK09 model opti-175
mised to best fit the PMOD and IRMB composites, i.e. the176
same model, but with different values of the free parameter177
[see Wenzler et al., 2009]. The results for the PMOD com-178
posite are shown in Figs. 3 and 4. For this model, the TSI179
at the minimum preceding cycle 23 has a value that is still180
lower, by 0.15 Wm−2 or 0.011%, than the TSI in the min-181
imum preceding cycle 22. The difference between the two182
minima derived using the WSK09 IRMB model is same as183
for the WSK09 ACRIM version. All results are summarised184
in Table 1. As a further test, we have also varied the length185
(between 1 and 3 years) and the dates (1 year within the186
periods July 1987 – July 1989 and October 1991 – October187
1993) of the overlap period. In all cases, the mean TSI dur-188
ing the minimum of cycle 23 is lower than that for cycle 22189
by about 0.15 to 0.7 Wm−2 (0.011–0.05%), in contrast to190
the result of Scafetta and Willson [2009] who found a TSI191
increase of 0.033% (0.45 Wm−2).192
3. Conclusion
We have compared the SATIRE-S model of the TSI varia-193
tions with the measurements by the ACRIM-1 and ACRIM-194
2 experiments, in order to bridge the so-called ACRIM gap195
(July 1989 to October 1991), as proposed by Scafetta and196
Willson [2009]. This gap is the source of the on-going debate197
about the presence of the secular variation in solar irradi-198
ance between the minima of cycle 22 and 23. The SATIRE-S199
model calculates the TSI variations from the continuously200
evolving distribution of the solar surface magnetic field ob-201
tained from NSO/KP magnetograms and continuum images202
[Wenzler et al., 2009] covering the period 1974–2002. In203
contrast to the SATIRE-T model by Krivova et al. [2007]204
employed by Scafetta and Willson [2009], in this model vari-205
ations on all covered time scales are modelled in a self-206
consistent way, with no additional assumptions regarding207
the long term trend. Also the accuracy of the SATIRE-S208
model is significantly higher than that of the SATIRE-T209
model since it uses direct measurements of the solar pho-210
tospheric magnetic flux rather than its modelled evolution.211
Thus it is best suited for such a test.212
The constructed ‘mixed’ ACRIM-1 – WSK09 – ACRIM-2213
composite does not show an increase in the TSI from 1986214
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Figure 1. Measured and reconstructed TSI during 1988–1990 and 1991–1994. ACRIM-1 (left panel) and ACRIM-2 (right
panel) measurements (black dashed line) are shifted by −0.96 Wm−2 and 1.73 Wm−2, respectively, to the level of the
WSK09 ACRIM model (asterisks connected by grey solid line when there are no gaps).
Figure 2. ‘Mixed’ TSI composite constructed from ACRIM-1 and ACRIM-2 data (black dashed line), with the gap bridged
using the WSK09 ACRIM model (asterisks connected by grey solid line when there are no gaps). The heavy solid line is
the 1-year smoothed TSI, and the horizontal dashed line shows the level of the minimum preceding cycle 22.
Figure 3. Measured and reconstructed TSI during 1988–1990 and 1991–1994. ACRIM-1 (left panel) and ACRIM-2 (right
panel) measurements (black dashed line) are shifted by −1.35 Wm−2 and 1.58 Wm−2, respectively, to the level of the
WSK09 PMOD model (asterisks connected by grey solid line when there are no gaps).
Figure 4. Same as in Fig. 2 but using the WSK09 PMOD model.
to 1996, in contrast to the ACRIM composite. Indepen-215 dently of the value of the model’s free parameter, a slight216
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decrease is found. The magnitude of this decrease cannot be217
estimated very accurately from such an analysis (and there-218
fore such a ‘mixed’ composite should not be considered as a219
replacement of real measurements), but it lies between ap-220
proximately 0.15 and 0.7 Wm−2 (0.011–0.05%) for different221
values of the model’s single free parameter. Note that irradi-222
ance changes due to non-magnetic effects, if any, cannot be223
revealed by either SATIRE-S used here nor by SATIRE-T224
employed by Scafetta and Willson [2009].225
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